Generation of genetic diversity is necessary in improving on the potential of cassava when faced with various biotic and abiotic challenges. Presently, cassava breeders are breeding for a number of traits, such as drought tolerance, early root bulking, yield, starch, beta-carotene, protein, dry matter, pest and disease resistance, by relying on genetic diversity that exists in manihot esculenta germplasm. Controlled pollination is one of the main methods used to generate genetic diversity in cassava. However, the process of controlled pollination especially in an open field is prone to contamination by illegitimate pollen right from the time of pollination, seed collection, nursery bed establishment to planting of the trials. Therefore, authentication of the progeny obtained from cassava crosses is very important for genetic studies. Twelve informative microsatellite markers were used to verify the authenticity of 364 F 1 progeny thought to come from four controlled parental crosses. The transmission of each allele at nine microsatellite loci was tracked from parents to progeny in each of the four Namikonga-derived F 1 cassava families. Out of the 364 F 1 progeny, 317 (87.1%) were true-to-type, 44 (12.1%) were a product of self-pollination and 3 (0.8%) were a product of open pollination. The consistency of the results obtained using microsatellite markers makes this technique a reliable tool for assessing the purity of progeny generated from cassava crosses.
Introduction
Cassava (Manihot esculenta Crantz) is one of the most important and widely grown root crops in Africa, Asia and South America with a total production of over 250 million tonnes [1] . Cassava, once regarded as "food for the poor" has become a multipurpose crop that responds to the priorities of developing countries, to trends in the global economy and to the challenges of climate change [2] .
Cassava is mainly grown for its starchy storage roots and thus plays a key role in the livelihood of resourcelimited farmers in tropical Africa where it serves both as a food security crop and a source of income generation [3] .
Unfortunately, this important crop faces both biotic and abiotic threats which cause yield losses and hinder optimal cassava productivity. Cassava breeders have taken up the challenge to breed for improved varieties for traits such as yield, starch, proteins, early root bulking, beta-carotene, and pest and disease resistance by utilizing the available genetic variation in cassava germplasm [4, 5] .
Cassava breeding mostly focuses on phenotypic selection of the best performing clones as parents. Such selection can only be effective if the pedigree of clones is
OPEN ACCESS AJPS
Identification of F 1 Cassava (Manihot esculenta Crantz) Progeny Using Microsatellite Markers and Capillary Electrophoresis 120 correctly identified. Progeny testing, in which individual parents are evaluated on the basis of the performance of their offspring, will not be valid if some of the offspring are illegitimate [6] . These phenotypic methods used in conventional breeding may not be reliable in verifying the authenticity of the progeny generated from cassava crosses due to the possibility of pollen contamination during crossing and human errors during seed collection, nursery bed establishment and planting in the field. If not checked early, this may become an inherent problem in breeding leading to false pedigree information and genotype mix-ups [7] . Thus, accurate identification of progeny from crosses is critical to cassava breeders for the integrity of a durable breeding program. The use of genomic tools is one of effective method to overcome this problem of progeny identity. Quite a good number of genomic resources have been created to facilitate progress in plant breeding through the application of advanced molecular technologies for crop improvement [8] . Genomic tools such as molecular markers have been used to trace errors in progeny established for plant breeding [9] . In progeny testing, true progeny are detected by the presence of DNA sequences corresponding to both alleles contributed by the two parents [10] . Among several types of molecular markers, microsatellites or simple sequence repeats (SSRs) markers have been utilized in many applications in plant genetic and breeding such as characterization and clarification of parentage-offspring relationship as well as validation of genotype identity [11, 12] .
In cassava breeding, efforts have been made to verify the progeny generated from crosses using gel electrophoresis to separate the DNA fragments after running a PCR for SSR analysis [13, 14] . Here the progeny are identified by comparing their banding pattern of the alleles with that of the parents. However, results from gel electrophoresis are prone to higher percentage errors due to the low resolution power which leads to detection of only a few alleles [15] . Of recent, capillary electrophoresis has been identified as a powerful analytical technique to overcome the challenges of gel electrophoresis of nucleic acids [16] . Capillary electrophoresis detects more alleles and provides higher discriminatory power than gel electrophoresis [15] . In this study, SSR markers from cassava [17, 18] and capillary electrophoresis were used to confirm the identity of 364 F 1 progeny generated from four cassava parental crosses.
Materials and Methods

Plant Materials
Five cassava parental genotypes were used to generate the progeny population ( Table 1) . Namikonga was used as the sole source of pollen and crossed to four genotypes.
Hand pollination was done as described by Kawano, [19] at a cassava crossing block established at the National Crops Resources Research Institute, Uganda. The verification of F 1 progeny using SSR markers was carried out at the Bioscience Eastern and Central African (BeCA) hub, Kenya.
Genomic DNA Extraction, Purification and Quantification
Genomic DNA was extracted from five parental genotypes and 364 F 1 progeny following the CTAB procedure [20] . Briefly, fresh leaf samples were collected from young leaf lobes weighing about 0.2 g and ground to fine powder in liquid nitrogen. The powder was then transferred into a 1.5 ml sterile Eppendorf tube and DNA extracted using the CTAB protocol. The extracted DNA was purified by phenol extraction [21] . The quality and concentration of the extracted DNA of each sample was determined by taking the readings directly from a Nanodrop spectrophotometer ND-1000-v3.7 (Thermo Scientific) at absorbance ratios of 260/280 and 260/230. Gel electrophoresis was used to determine the quality of the DNA on 0.8% agarose gel in 1 × TAE (i.e. 40 mM Trisacetate buffer in 1 mM EDTA, pH adjusted to 8.3 with acetic acid). Electrophoresis was run at 80V for an hour.
The gel was stained with gel red 3× (Biotium) and visualised under UV light (Syngene Bioimaging System). The DNA samples were diluted to a working concentration of 50 ng/µl by addition of appropriate amount of sterile water.
Genotyping the Parents and the Progeny
In this study, 30 SSR markers were used to screen the parents for polymorphism. These primer pairs were chosen based on their ability to form clear PCR products visualised on an agarose gel and the same optimized PCR conditions. Only markers which were identified to be polymorphic for the parents were selected and used to screen the entire F 1 population to confirm genotype identity of each seedling. The forward primer of each of the SSR markers was labeled at the 5' end of the oligonucleotide using fluorescent dyes (6-FAM, VIC, PET 
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Evaluation of polymorphism and segregation of parental alleles was conducted using the ABI 3730 capillary DNA Genetic Analyzer (Applied Biosystem). The PCR products from each sample were co-loaded in three groups on the basis of dye colour and fragment size to ensure separation of each fragment in comparison with others. For fragment analysis, 1 µl of pooled PCR product was added to 9 µl of HIDI formamide/Liz500 size standard mix (ABI) prepared by adding 20 µl of Liz 500 to 900 µl of HIDI. Thereafter, the pooled PCR products together with standard mix were denatured at 95˚C for 3 minutes followed by cooling on ice for 5 minutes before capillary electrophoresis. The run conditions for fragment analysis were; run voltage of 15 Kv, sample injection voltage of 2 Kv for 10 s, run temperature of 66˚C and laser power of 25 mW.
Data Analysis
The amplified fragments were viewed, sized and binned using the Gene mapper v.3.7 software (Applied Biosystems). This software performs allele calls which include peak detection and fragment size matching. The data from the size standard (LIZ) is used to determine a standard curve plotting mobility of the fragments against the known size. Fragments arising from the PCR products were compared with the standard curve and their sizes determined.
For all the SSR markers used in the parent-offspring test, their respective alleles were scored for each progeny. If only maternal alleles were present, the progeny was considered to be a product of self-fertilization. If a non-parental allele was recorded together with a maternal allele, the progeny was considered to be a product of contamination by foreign pollen. If maternal and paternal alleles were present, then the progeny was considered to be a true progeny for the respective cross.
Results and Discussion
This study was aimed at identifying false progeny among four Namikonga-derived F 1 cassava families using SSR markers and capillary electrophoresis.
DNA Extraction and Quality
The CTAB method (Doyle and Doyle, 1987 ) was satisfactory for DNA extraction from all the five parents and the 364 F 1 progeny. The quality of DNA was good (Figure 1) 
Genotyping the Parents and the Progeny Using SSR Markers
Genomic DNA from the parents was amplified with 30 SSR primer pairs from the cassava genome. These primer pairs were chosen based on their ability to form clear PCR products on gel (Figure 2 ) and worked at the same optimized PCR conditions. Results based on gel electrophoresis could not clearly reveal polymorphism between the parents due to low resolution (Figure 2) . When the PCR products were subjected to capillary electrophoresis, clear polymorphism between the parents was revealed.
Out of the 30 SSR primer pairs screened on the capillary ABI 3730 DNA Genetic Analyzer with parents of the four families, 18 SSR primer pairs (60%) were monomorphic (Figure 3) while 12 (40%) primer pairs were polymorphic between the parents ( Table 2 ) and segregated in the respective F 1 progeny (Figures 4 and 5) .
Molecular marker analysis showed that from a total of 364 progenies tested, 317 (87.1%) were true-to-type F 1 s, 44 (12.1%) were selfs and three (0.8%) were a product of open pollination. The highest percentage of true-to-type F 1 progeny (88.8%) was obtained from the family NASE 14 × Namikonga, while the lowest (77.3%) was obtained in the family NASE 13 × Namikonga ( Table 3 ). All progeny considered true-to-type had both paternal and maternal alleles and existed as heterozygotes at all marker loci (Figures 4 and 5) . The presence of a Namikonga allele in the form of the heterozygote in the progeny of any of the four Namikonga-derived families indicated that the original bi-parental cross succeeded. Since the progeny were derived from bi-parental crosses, all the selfs came from the female parents. However, the presence of 1.2% off-to-type F 1 progeny which had foreign alleles in addition to the maternal allele at all the tested maker loci in the family NASE 14 × Namikonga- (Table 3) demonstrates that there were other genotypes that caused pollen contamination besides the female parent.
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Conclusion
To verify the authenticity of the obtained progeny, all the F 1 seedlings were genotyped using nine polymorphic SSR markers from the cassava genome. Results from the progeny test indicated that there were some genotype mix-ups due to pollen contamination during genetic crosses. Twelve point nine percent of the progeny were off-types. This contamination was caused by selfing (pollen from female parents) and out-crossing (pollen from unintended parents). The polymorphism generated by the SSR primers was useful for authenticating the F 1 genotypes. This also highlights the obstacles of cassava breeding i.e. errors in pollinations. This is one of the few studies that has confirmed the true-to-type identity of progeny prior to genetic analysis. It is desirable that such steps become a common practice. The consistency of the data obtained using these SSRs in cassava shows that this technique is efficient for assessing the purity of progeny generated from crosses.
